The EPR spectra of O 2 -evolving PS II samples used to generate g-values for Figure 8 are shown in Figure S1 . The EPR signals were generated with white light from a halogen bulb controlled by a shutter, the same method as for the near-IR spectra. EPR conditions are given in 
Oxidation of Chl and Car at High pH
It has been reported that Y D oxidation is rapid at high pH (t ½ ~ 190 ns, pH = 8.5) (1) . To test whether Y D competes with Car and Chl as a donor to P 680 + , we measured carotenoid and chlorophyll photooxidation in PS II samples at high pH. For studies of PS II over the pH range from 6.0 to 8.5, buffer was prepared with 25 mM MES, 25 mM 1,4-bis(4-sulphobutyl)piperazine (PIPBS), 20 mM CaCl 2 , 5 mM MgCl 2, 63% (v/v) glycerol, and the pH was adjusted with NaOH to the specified pH value.
The samples, ranging between pH 6.0 and pH 8.5, were treated with 5 mM ferricyanide, frozen, illuminated for 15 min at 20 K and the near-IR light-minus-dark difference spectra are shown in Figure S3 . Clearly, the total yield of Car + Figure S3C) . Therefore, the lower yield of Car and Chl in PS II at higher pH is due to a competing donor, tyrosine D.
Temperature Dependence of Chl + Formation
We investigated the temperature dependence of the near-IR absorption signals formed in O 2 -evolving Synechocystis PS II core complexes. Samples were illuminated by white light for and 160 K, are shown in Figure S4 . The absorbance maximum of the Car + shifts to longer wavelengths at warmer illumination temperatures (see Figure S4A , inset) due to a shift in the proportion of Car + species, Car A + (982 nm) and Car B + (1029 nm) formed (2) . A difference spectrum of the initial spectrum and a spectrum recorded 30 min later for each temperature of illumination is shown in Figure S4B . This double difference spectrum shows the spectrum of the Chl + species that are formed during the 15 min illumination which decay rapidly during dark incubation at these higher temperatures. In general, the absorption peaks that are less stable at 20 K are lower intensity at higher temperature. At higher temperature, activated electron transfer processes may occur. These types of electron-transfer events may be coupled to vibrational motion of the donor, acceptor or the protein. At higher temperature, the cation radical can move among the Chl and access more locations, some of which are close to Q A and result in recombination. At the warmest temperature, the Chl + absorbance maximum is ~ 810 nm, which is also the wavelength most stable Chl cation radical at 20 K.
The increase in temperature is expected to result in broadening of each absorbance peak and a shift of the absorbance maximum to a longer wavelength due to a shift of the Boltzmann distribution of vibrational states to higher energy in the ground electronic state. We do observe changes in the Chl + region of the spectrum for a sample illuminated at warmer temperatures;
however, because the spectrum is composed of multiple components, it is difficult to assign the absorption changes to each component. In general, the absorbance of the Chl + region at warmer illumination temperatures is lower in intensity compared to 20 K. But, as shown in Figure S4A , the change in intensity is not the same for each component.
At an illumination temperature of 20 K, the ~ 810 nm and 825 nm species were the most stable and the 750 nm 793 nm and 814 nm species were less stable. In general, the 750 nm 793 nm and 814 nm peaks are lower in intensity at warmer illumination temperatures. As shown above and here for the 20 K illumination experiment, three distinct absorption peaks (λ max 750, 795 and 814 nm) decay over a period of 30 min. Each feature is less intense in the initial spectrum measured at 85 K ( Figure S4 , red) and are observed in the decay spectrum ( Figure S4B, red) .
However, at illumination temperatures above 120 K, the Chl + absorbance maximum shifts to 810 nm (160 K). For the illumination temperatures of 120 K, 140 K and 160 K, the absorbance maximum of the Chl + in the decay spectra ( Figure S4 ) have an absorption maximum of 820 nm, spectra measured at the same temperatures. At warmer illumination temperatures, the ~ 810 nm peak appears to be the most stable. We conclude that the variability of the absorption maximum reflects the contributions of several overlying features originating from chlorophyll cation radicals.
The yield of each species is dynamic and depends on temperature and length of illumination. 
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